The aim of this study was to define predictive factors for the therapy response and early recurrence after hepatectomy in patients that received conversion therapy FOLFOX4 and bevacizumab for colorectal liver metastases.
Introduction
Liver metastases are present in 20-25% of patients at the time of colorectal cancer (CRC) diagnosis and in up to 50% of patients during the disease course (1, 2) , making this organ the most common site for CRC dissemination. The aim in planning treatment of colorectal cancer liver metastases (CRLM) should be hepatectomy, which in combination with chemotherapy provides 5-year overall survival (OS) in up to 67% of patients and the chance for long term disease free survival and even cure (3) (4) (5) . Despite curative (R0) metastatic liver resection, up to 70% of the patients will have a recurrence, in most cases in the first 2 years and predominantly in the liver (6) (7) (8) .
The fact that in 85% of patients CRLM are not resectable at the presentation (9) sets the stage for conversion therapy, with the goal of downsizing metastatic deposits so that resection could be performed. Application of conversion therapy with subsequent surgery provides better long term outcome than systemic therapy only (10) . In order to achieve the best response and resectability, the most active therapeutic regimen should be used (chemotherapeutic doublet or even triplet, with the addition of targeted agent, bevacizumab or cetuximab in KRAS wild type) (11) . Response to preoperative therapy correlates with recurrence free survival (12) and overall survival (14) in patients with initially resecta-ble CRLM. In the setting of unresectable liver disease, response to chemotherapy strongly correlates with resection rates (13) (14) (15) . However, this response is hard to predict.
Long-term survival in patients with surgically removed CRLM is slightly shorter for patients that undergo conversion therapy comparing to those with initially resectable metastases (16) . These patients are at higher risk of early recurrence, in case of which the purpose of surgical treatment might be questioned. There were several attempts to define predictive models for the outcome in patients with resected CRLM, but they were not applicable because of mutual diversity (17) . For patients with initially unresectable liver metastases there is a strong need for predictors of efficacy of applied therapeutic modalities in order to tailor medical and surgical treatment accordingly.
The aim of this retrospective single center analysis was to access clinicopathological disease characteristics in patients receiving conversion therapy FOLFOX4 and bevacizumab for unresectable CRLM and define predictive factors for therapy response and early recurrence after hepatectomy.
Materials and methods
From 141 patients medically treated for CRLM at the Clinic of Oncology, Clinical Center Niš, Serbia, in the period from 2010 to 2015, we selected patients with initially unresectable liver-only disease with potential resectability, which have received conversion chemotherapy. Patients with treatment complications leading to discontinuation of therapy, incomplete liver resection (R2 resection) or a two-stage hepatectomy, operative mortality (non-cancer-related 90-day mortality), follow up shorter than 6 months and incomplete medical record did not participate in the analysis. A total number of included patients was 65.
Performance status of patients according to Eastern Cooperative Oncology Group (ECOG) was 0 -1. Liver-only metastatic disease was diagnosed by contrast enhanced multislice computed tomography (MSCT) examination of thorax and abdomen. Potential resectability was defined after MSCT scan analysis by an experienced hepatobilliary surgical team. The criteria for unresectability were: not possible upfront R0/R1 resection of all hepatic lesions, < 30% estimated residual liver volume after resection or metastases in contact with major vessels of the remaining liver. After the regular initial laboratory tests and clinical examination, all patients received chemotherapy (FOLFOX4: oxaliplatin 85 mg/m 2 on day 1, leucovorin 200 mg/m 2 , 5-FU 400 mg/m 2 bolus and 600 mg/m 2 22-hour continuous intravenous infusion on days 1 and 2; repeated every 2 weeks) and bevacizumab (5mg/m 2 ; repeated every 2 weeks). Assessment of therapeutic response according to Response Evaluation Criteria in Solid Tumours (RECIST) and resectability were performed after 4 cycles of chemotherapy on abdominal MSCT scan. Patients with achieved resectability were subjected to surgery and closely followed afterwards.
The following data from the medical records of patients were selected: age, gender, localization and histopathology reports of primary tumor, synchronous (defined as liver involvement at the time of diagnosis or at the surgery of the primary tumor) or metachronous liver disease, number of metastases, number of received chemotherapy cycles, response to therapy and progression free survival (PFS) after hepatectomy.
The group with therapeutic response included patients with complete (CR) or partial response (PR), and the group without response consisted of patients with stable (SD) or progressive (PD) disease. According to the disease free survival after liver resection we selected patients with early recurrence (PFS ≤ 3 months) and late recurrence (PFS ≥ 12 months). Disease characteristics among defined groups were compared.
Statistical analysis was performed using SPSS statistical software, version 16.0 for Windows. Descriptive statistics was used for qualitative and quantitative assessment of the results: absolute numbers, relative numbers (%), mean value ( ), standard deviation (SD), and median value. The distribution pattern was assessed with Kolmogorov Smirnov test. Independent two-sided t-test (t), nonparametric Mann-Whitney U test, Kruskall Wallace or chisquare (χ 2 ) test were applied to compare variables between the groups, where appropriate. Univariate and multivariate logistic regression analysis was used to identify predictors of therapy response and early recurrence. P values of < 0.05 were considered statistically significant.
Results
From total number of 65 patients, 41 (63.1%) were men and 24 (36.9%) women. The average age of the patients was 59.27 ± 9.69 years, the youngest, aged 29, and the oldest, aged 81. The age difference between men and women was not statistically significant (59.31 ± 11.17 vs. 59.21 ± 6.86; p = 0.969).
Primary tumour was localized in colon in 31 (47.7%) patients: ascending colon/hepatic flexure in 9 (29%) patients, transversal colon in 3 (9.6%) patients and lienal flexure/descending/sigmoid colon in 19 (61.4%) patients; 34 (52.3%) patients had rectal primary. Mucinous adenocarcinoma was diagnosed in 7 (10.8%) patients.
Synchronous and metachronous metastatic liver disease was present in 37 (56.9%) and 28 (43.1%) patients, respectively. In 27 (41.5%) patients 4 or more metastases were registered.
The number of received chemotherapy cycles was ranging from 4 to 12, mean cycle number was 5.49 ± 2.24. Objective therapeutic response (CR/PR) was present in 40 (61.5%) patients, while absent in 25 (38.5%) patients (PD/SD). Resectability was achieved in 33 (50.8%) patients. Postoperative chemotherapy was applied to 10 (30.3%) patients.
In the group of patients with liver resection, early recurrence was verified in 14 (42.4%), and late recurrence in 12 (36.4%) patients. Seven patients (21.2%) had progression free interval from 4 -11 months. Median progression free survival was 6.5 [95% CI 7.49-13.71] months, ranging from 3 to 38 months. Liver was the site of relapse in 23 (69.7%) patients.
Predictors of therapeutic response
Groups with and without therapy response were balanced in terms of age (p = 0.389) and gender (p = 0.902). The number of received chemotherapy cycles did not differ between groups (p = 0.670) ( Table 1) .
Significant difference between patients with and without therapeutic response was found in localization of primary tumour (p = 0.027). Independant risk factor for the lack of objective response was rectal localisation of the primary (OR 3.86 [95% CI 1.31-11.34]; p = 0.014). Left colon cancer (lienal flexure, descending and sigmoid colon) was protective factor for response absence (OR 0.205 [95% CI 0.05-0.80]; p = 0.022) meaning that it was pre-dictive of therapy response. Multivariate analysis was performed with variables which proved to be statistically independent factors. Neither of two variables brought statistically significant contribution ( Table 1) .
Predictors of early recurrence
In the group with early recurrence synchronous liver disease was significantly more frequent (p = 0.002) and these patients had significantly more metastases (p = 0.013) compared to the late recurrence group. Independent risk factors for early relapse were synchronous CRLM (OR 18 [95% CI 2.47-131.28]; p = 0.004) and the number of metastases (OR 2.42 [95% CI 1.14-5.01]; p = 0.021) ( Table 2) .
Multivariate model included variables that appeared to be statistically independent factors. Unique statistically significant contribution to the model was provided only by synchronous CRLM (OR 13.79 [95% CI 1.54-123.77]; p = 0.019) ( Table 2 ). 
Discussion
CRC is a heterogeneous disease which is reflected by different response to therapy and variable outcomes. It has recently been reported that localization of the primary tumour is independent prognostic factor in metastatic CRC (18) . Patients with metastatic right colon cancer (RCC) have significantly lower OS compared to the patents with localization of the primary tumour in left colon (LCC) (18) (19) (20) (21) . Additionally, different effects of chemotherapy regimens and targeted agents have been noticed between those two entities. LCC patients have more benefit, in terms of PFS and OS, when treated with combination of irinothecan and 5-fluorouracyl compared to RCC patients, while the combination of irinotecan and oxaliplatin has similar effects for both localizations (21) . It is widely reported that LCC patients benefit more from cetuximab (22) (23) and bevacizumab (24, 25) therapy.
Significant differences at the molecular level exist between RCC and LCC (26) . According to recent consensus, four biologically homogenous subtypes of CRC were defined, based on molecular and genetic characteristics: MSI immune (hypermutated, microsatellite unstable, with strong immune activation); Canonical (epithelial, chromosomally unstable, with marked WNT and MYC signalling); Metabolic (epithelial, with evident metabolic dysregulation); and Mesenchymal (prominent TGF-β activation, stromal invasion and angiogenesis) (27) .
In present study, LCC was identified as predictor of objective therapy response, since it lowers the risk for PD/SD (OR 0.205 [95% CI 0.05-0.80]; p = 0.022). Conversely, rectal primary presents negative predictive factor for response to bevacizumab and FOLFOX4 therapy, since it represents a risk factor for PD/SD (OR 3.86 [95% CI 1.31-11.34]; p = 0.014). It is probable that some molecular features of the tumor that interfere with therapy response can be linked to tumor localization, which may be the reason for all these apparent differences. For the confirmation of this hypothesis, further molecular studies should be conducted. For the time being, simple information about localization of the primary might be helpful when it comes to treatment. However, neither of these factors showed statistical significance in multivariate analysis.
Mucinous adenocarcinoma accounts for 10-15% of colorectal cancers (28) . Prognostic effects of this specific histopathological type are not clearly stated, and the results are ambiguous. In comparison to adenocarcinoma, mucinous type is associated with young age, advance tumor stage, females, as well as with MSI ad activating mutations of BRAF gene (29) . These genetic features are predictive of poor outcome. In this study, 10.8% of patients had mucinous adenocarcinoma, and we could not associate this factor with the response to bevacizumab and FOLFOX4 therapy (p = 0.282).
With the development of powerful chemotherapeutics and new surgical techniques, indications for hepatectomy in CRLM are rising (30) . Thus, a problem with early recurrence is emerging. In case of early relapse, the purpose of hepatectomy is quesstioned, and this standard approach might be challenged. It is widely reported that early recurrence after CRLM resection is a poor prognostic factor of survival (30) (31) (32) .
Two recent large observational studies considered predictive factors for early recurrence in patients with surgical resection of CRLM. Imai et al. (30) defined early recurrence within 8 months, based on the minimum p value for survival after initial recurrence. In the subset of patients who received preoperative chemotherapy, 43% had initially unresectable liver disease. Early recurrence was present in 45% of patients, and independent predictive factors were age ≤ 57 years, more than 1 chemotherapy line, progression on last line of chemotherapy and CA 19-9 levels > 60 U/ml. In the study of Vigano et al. (32) , relapse within 6 months after liver resection was defined as early. Independent risk factors for early recurrence in the subset of patients that received preoperative chemotherapy were T3-4 primary tumor, associated radiofrequent ablation, no objective response to chemotherapy and the lack of postoperative chemotherapy. Both studies identified number of metastases as a predictor of early relapse, the first with more than 3 metastases at the diagnosis (32), the later with more than 3 metastases at hepatectomy (30) . Synchronous CRLM was independent predictive factor for early relapse for the whole study population (32) , but not in the preoperatively treated patients (30, 32) . However, neither of these two studies separately analyzed the predictors of early relapse for the patients with initially unresectable CRLM.
In the present study, the limit for the early recurrence has been set to be 3 months while for these patients surgery seems to be of minimal benefit. Independent predictive factors for early recurrence compared to late recurrence were the number of metastases in univariate (OR 2.42 [95% CI 1.14-5.01]; p = 0.021), and synchronous liver disease in univariate (OR 18 [95% CI 2.47-131.28]; p = 0.004) as well as multivariate analysis (OR 13.79 [95%CI 1.54-123.77]; p = 0.019). Patients with synchronous CRLM and large tumor burden have very aggressive disease, so early recurrence after surgery is more common. In such cases, liver resection has negligible contribution to PFS, and if not avoided, should be supported with different means of systemic treatment.
The shortcomings of this study were low number of patients, retrospective nature and lesser number of examined factors. However, this is, according to our knowledge, the first report of predictive factors in the setting of initially unresectable CRLM, and predictors of chemotherapy response were also assessed as an important part of these patients' treatment.
When it comes to treatment of unresectable CRLM, assessing the predictive factors for response to conversion therapy may be helpful in choosing the most potent combination therapy for CRLM downsizing or redefining the goal of treatment (palliative or curative). Knowing predictors of early relapse might be of assistance in selecting the patients with real benefit from liver surgery and adapting postoperative chemotherapy accordingly. The cooperation between medical and surgical oncologists is essential in this patient subgroup in order to get the most of the multimodality treatment.
Conclusion
This study identified localization of primary tumor in the rectum as an independent risk factor for the lack of response, and left colon cancer as a predictor of response to therapy with bevacizumab and FOLFOX4 in univariate analysis. Independent risk factors for early recurrence were the number of metastases in univariate and synchronous CRLM in univariate and multivariate analysis.
